The density dependence of nuclear symmetry energy is crucial to understand the structure of exotic nuclei, dynamics of heavy-ion collisions, and many important issues in nuclear astrophysics such as neutron star cooling and supernova explosive [1] [2] [3] [4] . The ratio π − /π + was first proposed by Li as a sensitive observable for the high density behavior of the symmetry energy [5] . After that, a lot of studies on π − /π + ratio and the symmetry energy were carried out [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, recently different transport models, using the π − /π + ratio to interpret the FOPI pion data [15] , give contradict conclusions for the stiffness of the symmetry energy [16] . Such situation stimulates more detailed studies on pion production, such as different considerations of the medium effects on the pion production, including energy conservation on pion production [9, [17] [18] [19] and pion potential in medium [20] . The effects of pion potential [20] [21] [22] [23] [24] [25] on pion production are in fact rarely studied in heavy-ion collision around the pion production threshold. It is thus necessary to investigate how the pion potential affects pion production since some experimental studies on pion production are doing at facilities that offer fast radioactive beams, such as the National Superconducting
Cyclotron Laboratory (NSCL) and the Facility forRare Isotope Beams (FRIB) in the USA, or the Radioactive Isotope Beam Facility (RIBF) in Japan.
In this study, we adopt the semi-classical transport model IBUU, in which an isospinand momentum-dependent mean-field single nucleon potential is used [26] , i.e.,
where τ = 1/2(−1/2) for neutrons(protons), δ = (ρ n − ρ p )/(ρ n + ρ p ) is the isospin asymmetry, and ρ n , ρ p denote neutron and proton densities, respectively. The parameter values
and Λ can be found in Ref. [27] . f τ (r, p) is the phase-space distribution function at coordinate r and momentum p. Different x parameters can be used to mimic different forms of the symmetry energy predicted by various many-body theories without changing any property of the symmetric nuclear matter and the symmetry energy at normal density. In fact, what is particularly interesting and important for nuclear reactions induced by neutron-rich nuclei is the isovector (symmetry) potential. The present 3 used symmetry potential (U n − U p )/2δ fits the Lane potential data quite well [28] . Pion-nucleus optical potential has been used to explain the existence of pionic atoms.
A pion potential had been constructed by Toki et al., which can successfully describe the deeply bound states of pionic atoms [23] . And Jun Hong et al. constructed an isospin dependent pion potential [20] which writing as
, where ρ T is the isospin density (ρ p − ρ n )/2. This potential agrees well with Toki's pion optical potential [23] , but it only represents the so called s-wave contribution to the π-nucleus potential. Shown in figure 1 , the black solid line, which is labelled by MID is the pion potential constructed by Jun Hong et al. Here we choose the parameter γ= 2 and S int0 = 20 MeV [20] . It is seen that it is strongly density dependent, repulsive for the π + and attractive for the π − . [21, 22, 24] . When p π > 140 MeV, we use the form of pion potential based on the ∆−hole model [25] . O. Buss also constructed an appropriate potential when 80 MeV
MeV by an interpolating spline to gain a continuous derivative and therefore a continuous velocity of the pion [25] . From figure 1, we can clearly see that this potential is density-and momentum-dependent, is repulsive at low pionic momenta but becomes attractive at higher pionic momenta. In this article, based on an IBUU model, we use the second form of the pion potential to study effects of pion potential and nuclear symmetry energy in heavy-ion collisions at beam energies around the pion production threshold. Au+Au, b=0 fm E= 400 MeV/nucleon dN π /dp (GeV Au+Au, b=0 fm E=200 MeV/nucleon dN π /dp (GeV Since we use the density-and momentum-dependent pion potential, it is necessary to show the momentum distribution of π meson in heavy-ion collisions. Figure 2 Figure 3 shows the effect of pion potential on charged pion ratio π − /π + . It is seen that whether for the softer symmetry energy or the stiffer symmetry energy, around the Coulomb peak [7] , the value of π − /π + ratio with pion potential is higher than that without pion potential. But for energetic pion mesons, a reversed case occurs. The reason is that for π − with low energy, π − meson suffers a repulsive pion potential (as shown in figure 1 ). π − mesons are less absorbed thus more π − production. Due to the Coulomb action, π + mesons are less affected by the pion potential. Therefore we see a high value of π − /π + ratio around the Coulomb peak. For the energetic π − mesons, they suffers an attractive pion potential thus more π − mesons are absorbed by surrounding nuclear matter. Then a low value of
To answer whether the effect of the symmetry energy on the π − /π + ratio is affected by the pion potential, we plot figure 4. It is seen that the effect of the symmetry energy on the π − /π + ratio is not affected much by the pion potential at incident beam energy of 400
MeV/nucleon. This is more clearly shown in the figure 5, time evolution of the π − /π + ratio with and without pion potential for softer (x= 0) and stiffer (x= -1) symmetry energies.
From the figure 5 , we see that total π − /π + ratio is clearly affected by the symmetry energy.
The pion potential has less effect on the π − /π + ratio. As pointed out in the figure Au at E beam = 400 MeV/nucleon without (Left) and with (Right) the pion potential. MeV/c and p= 215 MeV/c. Therefore some pion mesons suffer repulsive pion potential, but others suffer attractive pion potential (shown in the figure 1 ). This counterbalance makes pion potential has less effect on the π − /π + ratio at E beam = 400 MeV/nucleon, thus the effect of the symmetry energy on the π − /π + ratio is kept. the softer (x= 0) and the stiffer (x= -1) symmetry energies. As demonstrated in Ref. [20] , the large asymmetry (ρ n − ρ p )/ρ of nuclear matter causes a large pion potential. A larger pion potential for pion mesons with lower energy causes π − mesons are less absorbed by surrounding matter thus more π − mesons are produced finally. However, on the other hand the large asymmetry of the nuclear matter also causes large repulsion to neutrons by the symmetry potential, thus less neutron-neutron collisions in matter make less π − mesons production. Therefore, the pion potential cancels out the effect of symmetry energy on the π − /π + ratio in heavy-ion collisions at beam energies below the pion production threshold.
In summary, we studied the effects of the pion potential and the symmetry energy on the π − /π + ratio in the central 197 Au + 197 Au collisions around the pion production threshold.
We found that the pion potential affects the value of π − /π + ratio around the Coulomb peak and also in the high energy region of pion mesons. And the effect of the pion potential on the π − /π + ratio becomes large in heavy-ion collisions at lower incident beam energy. Since the pion potential and the symmetry energy have opposite actions on the π − /π + ratio, the pion potential thus make the effect of the symmetry energy smaller especially below the pion production threshold.
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